The glk gene from Bacillus megaterium, which encodes glucose kinase, was isolated and analyzed. Disruption by a transcriptional glk-luxAB fusion indicated that glk is the only glucose kinase gene in that strain but did not affect growth of that mutant on glucose. Determination of luciferase activity under various growth conditions revealed constitutive transcription of glk. Expression of a xylA-lacZ fusion was repressed by glucose in the strain with the glk disruption about twofold less efficiently than in the wild type. The potential contribution of glk expression to glucose repression is discussed.
Glucose kinase catalyzes the ATP-dependent conversion of glucose into glucose-6-phosphate, the entry compound of glycolysis. In some bacteria, like Escherichia coli, glucose kinase seems to be important for metabolic pathways only because it phosphorylates intracellular glucose originating, e.g., from disaccharide hydrolysis. In contrast, in Streptomyces coelicolor glucose kinase is essential for catabolite repression (2) . Even in Staphylococcus xylosus, in which catabolite repression is mainly exerted by the CcpA-dependent pathway (5), inactivation of glkA, which encodes glucose kinase, leads to reduced catabolite repression of several genes (17) .
We have investigated catabolite repression of xylose utilization in Bacillus megaterium (9) and report here the isolation and inactivation of glk, which encodes glucose kinase. The resulting strain, although deficient in ATP-dependent phosphorylation of glucose, grows like the wild type (wt) on glucose or trehalose as the sole carbon source but shows reduced glucose repression of xylose utilization.
The strategy for cloning the glucose kinase gene from B. megaterium involved complementation of the E. coli glk mutant UE26 (3). E. coli UE26 (ptsG ptsM glk) is unable to utilize glucose as a carbon source and, therefore, forms white colonies on glucose-containing MacConkey plates, while the wt forms red colonies. Since E. coli UE26 cannot transport glucose via the phosphotransferase system, we supplemented the plates with 100 mM fucose. This leads to the induction of galactose permease, which can also transport glucose (8) . The unphosphorylated glucose can be metabolized only if it is converted to glucose-6-phosphate by glucose kinase. We transformed E. coli UE26 (3) with a gene library from B. megaterium consisting of a partial AluI digest of total DNA inserted into the EcoRV site of pWH1509K (13) and screened the transformants on MacConkey agar supplemented with 100 mM fucose and 50 mM glucose. One candidate turned red on this agar and remained white on MacConkey agar supplemented with either 50 mM glucose or 50 mM mannose, indicating that the insert did not complement ptsG or ptsM. The plasmid prepared from that candidate contained an insert of 6.45 kbp and was called pWH665.
Glucose kinase activity was quantified in a crude protein extract supplemented with glucose dehydrogenase, ATP, and NADP (15) . Glucose-6-phosphate is converted to gluconate-6-phosphate, thereby producing NADPH. The increase in NADPH is proportional to the amount of glucose kinase. The enzyme activity was calculated in relation to the amount of total protein in the crude extract and is reported in nanomoles of NADPH per minute per milligram of protein, referred to hereafter in this work as units. Crude cell extracts prepared from E. coli UE26 carrying pWH665 showed an ATP-dependent glucose kinase activity (730 Ϯ 216 U) ϳ130-fold higher than that of the control transformed with the vector (5.5 Ϯ 2.1 U). The basic activities in samples without ATP were Ͻ5 U for all plasmids. Subcloning a 2.5-kbp HindIII fragment from pWH665 of continuous chromosomal DNA from B. megaterium (Southern blot not shown) into pWH1509K yielded pWH666, which led to a red phenotype on MacConkey agar with 100 mM fucose and 50 mM glucose when transformed into E. coli UE26. The activity in crude extracts of pWH666 was lower (211 Ϯ 20 U). Thus, pWH666 seems to lack some sequence information that is necessary for full expression of glucose kinase. A total of 1,321 bp, containing the 972-bp open reading frame encoding glucose kinase, called glk (accession no. AJ000005), was sequenced. The deduced molecular mass of Glk is 33.9 kDa. The glk reading frame is preceded by an apparent ribosome binding sequence (RBS) and followed by an apparent transcriptional terminator. Two more reading frames are present on the sequenced DNA. orf1 precedes glk and contains an RBS prior to the start codon, and its stop codon overlaps the start codon of glk. yqgQ, described for Bacillus subtilis at the respective location, shows sequence similarity to orf1. No additional homologies to other proteins were found, so the function of orf1 remains unknown. A reading frame with opposite polarity is located such that it overlaps glk but lacks an RBS and is, therefore, probably not expressed.
Comparisons with protein sequences in data banks revealed homologies (Fig. 1) to Glk in B. subtilis (encoded by yqgR) (12, 14) (61.9% identical residues), Glk from S. xylosus (17) (42.3% identical residues), glucose kinase from S. coelicolor (1) (35.1% identical residues), and XylR from B. subtilis (11) (28.3% identical residues). All proteins belong to the ROK family (16) , which contains repressor proteins, open reading frames of unknown function, and sugar kinases. Glk from B. megaterium does not contain an apparent helix-turn-helix motif for DNA binding. Residues 12 to 16 show similarities to the ATP bind-ing site of hexokinase from Saccharomyces cerevisiae and rat (6) .
Inactivation of glk was achieved by integration of a glk-luxAB fusion into the glk gene on the chromosome. A promotorless spoVG-luxAB fusion was excised from pWH1559 (7) by BamHI restriction, its ends were filled in with Klenow polymerase, and the 2.3-kbp fragment was ligated into the filled-in BsmBI site (corresponding to codon 255 of glk) on pWH666. The resulting plasmid, called pWH668, no longer conferred any glucose kinase activity (6.2 Ϯ 2.5 U). The glk-luxAB fusion on pWH668 was integrated into glk on the B. megaterium WH348 [lac xyl ϩ gdh2(xylA1-spoVG-lacZ)] [kindly provided by D. Schmiedel]) chromosome, yielding strain WH417. The glucose kinase assay with crude extracts from WH348 and WH417 (Table 1) revealed an apparent reduction in WH417 to about half of the activity found in WH438. This level of residual activity is also found in both strains in the absence of ATP (Table 1 ) and, thus, reflects the glucose dehydrogenase activity of B. megaterium. These results suggest that glk is the only glucose kinaseencoding gene in B. megaterium. Based on Southern blot analysis (not shown) and the enzymatic activities of pWH668 in E. coli UE26 and strains WH348 (wt) and WH417 (glk) we conclude that glk is inactive in strain WH417. The spoVG-luxAB cassette is preceded by stop codons in the three possible reading frames and allows determination of glk transcription under various growth conditions. B. megaterium WH417 was grown in minimal medium containing 18.5 mM succinate, 14.0 mM glucose, or 14.0 mM fructose as the sole carbon source, and the LuxAB activities (7) were determined under these growth conditions. Light emission was maximal during the entire logarithmic growth phase, yielding about 4.7 million relative light units on all three carbon sources. Upon the onset of the stationary phase of growth, the activity dropped to about 20% of that level, indicating that glk is transcribed in the stationary phase less efficiently than in the logarithmic growth phase. The same result was obtained for all three carbon sources tested. Furthermore, the generation times of B. megaterium WH417 growing on glucose, fructose, or trehalose as the sole carbon source turned out to be the same as those of the parent strain WH348 (Table 1) . Thus, it appears that glk is a nonessential gene that is constitutively expressed during logarithmic growth and has slightly reduced expression in the stationary phase.
Strains WH438 and WH417 each contain a single copy of the xylA-spoVG-lacZ fusion, integrated behind gdh in the chromosome, which was used to determine glucose repression of xyl expression. For that purpose, both strains were grown in medium containing 18.5 mM succinate and 16.5 mM xylose (in- duced) or 18.5 mM succinate, 16.5 mM xylose, and 14.0 mM glucose (glucose repressed), and ␤-galactosidase activities were determined in the logarithmic growth phase. The ϳ10-fold glucose repression in the wt is reduced to about 4.5-fold repression in the glk mutant (Table 1) . A strain with ccpA deleted (6) was analyzed under the same conditions as a control and showed no glucose repression (induced, 1,600 Ϯ 55 U; glucose repressed, 1,300 Ϯ 45 U). These results establish a contribution of glk to glucose repression of xyl operon expression. This could result from an intrinsic regulatory function of Glk, as established in S. coelicolor (2) , or from the enzymatic activity by influencing the internal glucose-6-phosphate concentration, which in turn may affect CcpA activity (7) or the induction efficiency of XylR (4, 10) or both. This result matches a finding for the AT-rich gram-positive bacterium S. xylosus (17) and is consistent with the idea that mechanisms of glucose repression in this group of organisms may be similar.
